Control algorithms based on the active and non-active currents for a UPQC without series transformers by Correa Monteiro, Luis Fernando et al.
 
 
 
 
 
 
 
 
 
Luís Fernando Correa Monteiro, Maurício Aredes, José Gabriel Pinto, Bruno Exposto, João Luiz Afonso 
“Control algorithms based on the active and non-active currents for a UPQC without series 
transformers” 
IET Power Electronics, July 2016, vol. 9, issue 9, 27 july 2016, pp 1985-1994. 
 
http://digital-library.theiet.org/content/journals/10.1049/iet-pel.2015.0642 
 
 
 
 
ISSN: 1755-4543 
DOI  10.1049/iet-pel.2015.0642 
 
 
 
 
This material is posted here with permission of the IET. This paper is a preprint of a paper accepted by IET 
Power Electronics and is subject to Institution of Engineering and Technology Copyright. When the final 
version is published, the copy of record will be available at the IET Digital Library. 
© 2016 IET 
 
	
	




 !"!!#$#!
%$&!'!($"!)*+($&! !
(

,-+)		,./&$%0112200$/&$3	!
%,)		),"	./&$%2425%$/&$3	!
(,
	,.#$+
364700017$'8$	!

 	
 
 	
	 	
 	
    	
  		
  	  


	



	 
		
	 

	 !	

	"! 	
	
		 
	 	!#
	$	 	$


		"
	

 
		  	  	$ 

# 	

%%
"&	
$	
#	

		

			#!		

				 	

#	

	
	
#	 	
#	
 # 
	 	 	    	 	
   
 	
 "  	
	 	
 


!	$'(	
	

#			!"	#!


	
 	


	 
	
")

	
#		
	

		  
  # 

     	 
 !" (	  *
 
 


	 

	


		"

	
	
(+
	#	
,
	#-$(#. )
"
9! 9/:-9:
	.;<+=+
	>+?@?2@$+=	++>	.+=	=!
		.$    "!$       +   + ! 
+	$+	+$	
 + 	$ =	 $ $  =	 	 +  	 	! >	.$  +
   = 3!    =A$   +	.   $   
"!=$=	!+	.	?2@?0@?@!9	$*+	$
 	              +=	.  +	.  +	
>=B#+	!:$+	.=
	+ =A=A $    +=	  +  . *   +  $  
>$     +=	  + =	     A+  =	   
+=		!

  +   +	. 	 	! )		.$    	    +
=+$.==	+	$
=.!.		.?%@?4@0
?4@?1@?5@!C$+	..	AA$
     +	 ! 
 	    =A   ++	. 	
+$	=?7@?%1@$3  
L. F. C. Monteiro, M. Aredes, J. G. Pinto, Bruno F. Exposto, João L. Afonso, “Control Algorithms Based on the Active
and Non-Active Currents for a UPQC without Series Transformers”, IET Power Electronics, vol. 9, issue 9, 27 july 2016,
pp 1985-1994, ISSN:1755_4535 (Print), 1755_4543 (Online), DOI: 10.1049/iet-pel.2015.0642. 
 %
	.$			?1@ ?%D@?%7@! 9  +    ++= 
	$ 	 	 =        	 	. =. 	 	  =.
*+	 	    .= 	$  	 +	* + ! 9 
A$   	 .  	   	  +.+$  +  +	*
$%49'!
3$  +++  ?2@?%@   + 	   +	. 		 "!=!
#$ ++	=  -$  +	. !
+$			.+=		$
E=A!	*+			+
.!
99! C
/-B
/):"9'/
9:
 		    	+   		  "!=! 9    	+ 	$  
+=.		==A=A$
!		=$+	.B#+	>>.
7AC3$   +	+ 		 	$ 	  >.DAC3!
		+	.	+		
?%0@?%@!
++	.++		!
=+=	$=	=	$	
.	!
++	$/ ;
+			/=< $	+;1FGG15!1F< 
		+!
 =A  ++	       +         +=	  
	+!=A	+3
+=	    + $ +   	=	.!     +	.$  
	9'=;A$(A$*+	<!9$
 +  =	  ! 9 	   $  *+	$  
=A$=$	$>$4$=4$4+!#$	=A
$;$$<	+			!
		=	.
+$=	+$,
 (
	,		!9$	.+!9=.	$=$
+($=($($%$=%$%	.+!
 	 ;/  <  ++	  3 >.    =.  B# +
! "   $  + 	     H0!DC$ /H4!5I$ H4!4" 
 %H0!41C!" $ 	J H0!DC$/H(!%I$H7!7"! 9 ?%2@  
+++	$?(0@++	
	$?(@++		>.	+	=!
999! :/:  )/
	 $  	$ 	+=. B#
+ =. =	A   "!%  "!%=$ +	.! 
 .3     ; A +< 
	  -$      + 	  +	.     	 	! 9   
=	.=	.	-$+%4B#	
  9'$	=  	=> 	 	!C$ 
	   =   A    +=	.    ,  ,   = +	.
   $ =	     -  	.   ! 9 	  
$*+	$+	-$$+=	.
+	>.>	!
	 



   ?7@    +   +    + .  +$
	     +	   	   + =	!      
3  $  *+	$    	+	 >?2@! "  	$     
.+	 	  $
$  +=.   + ;< +	   + ;<!
+$	3+	$=.J
	 
 	  	 !
 	+	>3
	3+=		
 
     
  K      
 
		=.J
   ;<
$		=.  $
J
  ;%<
  
 4
 
         !"  K ;(<
	=.  +J#  
 $%&#  
;4<#  
 $%&'# ( )* +, - 
#  
 $%&'#  )* +, - !
  +   	3 	     +  =.  	$   >  
+  	>	!1!
	  !"#
 $%
		*+=+=	+	$		
.=	.!
		"!%	3	;./01234<$&H$$
$=.J
./01234 
 	  ./	5 ( ./	5 ! ;1<
   +			=	 	!9$=		 +
	;	<	3$$.+	+		$	.+
	  +;	<	>;4<=!
			.	5++	+.=	.$+=	+=
+	.+?@!		+
.     $ 	$    	    $ +  		 
	.!
 + 	       = 	. ++	$    		 	
+=.+	++	+$.
		J
 
 
 ( 
 K ;D<
$
 

678  
 K ;5<
$
6 
    5  5  5 !"  ! ;7<
:    +    $   	+	 =.   9$    "!%$ 
 1
.	5;H$$
<!
	.9*+	?@$==	
  +      .     $  +  	  
	+>!
	 !"#
 $%
		+	$		+	A
	 	!         =  	    
+$ =  > ;%<  ;(<! 		  	=		  "!%  :;$ :;$
:;$		L	A		M		J
:<;#  
 =:; $%&#  
;2<:;#  
 =:<;> $%&'# ( )* +, - :<;<#  
 =:<;< $%&'#  )* +, - K
$
=:<;=:<;>=:<;< 
 ?@AB 
@CABD E  
.:FGH ( .:I.:FGH ( .:J.:FGH ( .:K ! ;0<
9+; AB$ AB<		$=+
+	=:;$=:;$=:;*0
$*+	F9!9	
++9+?(%@?((@!
@ @C
9F! :/
9
)-:C)

 NO)-:: :'N
9	.+=	++>	.=$
		=	!+$	+	.$+	.
	?@$?4@?7@!
C$       	+$ =   	+ =A=A $   
.= + +=	! 9 	  =A$ *+	$ = =	
+=		!9$+	++
>+$	>.$	=	!"$9'
		>.++,,$
+ +  	.  ! $ 	
=.J
.#  
 LMN $%&#   LMO $%&#   ;<.#  
 LMN $%&'# ( )* +, -  LMO $%&'#  )* +, - 
 D
.#  
 LMN $%&'#  )* +, -  LMO $%&'# ( )* +, - K
        +   	 +> +     
	>+!"$=				"!=$=	
		>J
P.	 
 .Q	  .		 
 Q	  	 K ;%<
  +   	 	$ 	    	  
    	! 		.$ 
+   	$ 	   
   !:   *+   	
	+=. 	+> 	$  + 		
	J
.Q#  
 (LMO $%&#  
;(<.Q#  
 (LMO $%&'#  )* +, - .Q#  
 (LMO $%&'# ( )* +, - !
$+=	+=.$	=.J
#  
 LMNS $%&#  
;4<#  
 LMNT $%&'# ( )* +, - 
#  
 LMNS $%&'#  )* +, - !
	+=.A+		A	!+J
Q#  
 =:; $%&#  
;1<Q#  
 =:; $%&'# ( )* +, - Q#  
 =:; $%&'#  )* +, - K
$$=.+	A			!
+			=;(<$	+
	A+!$ ++
	;	$&H$$
<=.J
UV; 
 )* W.QXY  'XY  QXY-Z[" \XY 
 ( LM
O) ]?LMNS E  =:<;^ 
;D<
UV; 
 )* W.QXY  'XY  QXY-Z[" \XY 
 ( LM
O) ]?LMNS E  =:<;>^ _`$)* +,  
 5
[ MV; Q    Q  O MN :<;<  , U 
 )*" W. XY  ' XY   XY -Z \XY 
 ( L  ]?L) S E  = ^ _`$ )* +
	+	$	$	.		
 =  $  	A 	 ! -   $  A+  	A 
     + >	    + =.   
		"!=$+	;$
aV;  Q M :<;U 
 )* b. XY   XYc[" \XY 
 ( L
N) = 
UaV; 
 )*  b.XY  QXYc[" \XY 
 ( LM
N) =:<;> 
UaV; 
 )*  b.XY  QXYc[" \XY 
 ( LM
N) =:<;< !
>;D<;5<$9'		$+
!
A	+$
	 	$  
!    		
H$$
<+J
;5<

	>	$		J
M MV; aV; :<; N O U 
 U d R= R
 ( NS e OLM   LM f 
UV; 
 UaV; d =:<;> 
 ( L NSMN ] LMO _`$)*,+LM   LMO _`$)*,+^ 
U OV; 
 UaV; d = MN M :<;< L  NL  _`$O )*,+  !
	



(

S
;
]


7
L
<$
M







L

M

 _`$)*,+^
>	!C
L  L 
;7<

$.!$=
+	>	$==	!

+	.++++3
>  	 >.! 9$ +A=   	 	 
+	+	.?2@$+		.+=.	+>
+$+	!=A	=..	A
	$+	.$++?%0@$	
+=	.+,3>++.!	$
=	=+$	.=		.=	.!
F! 9# 
9:/) 

+		
=	 +  ! 9		.$        $    =A
$=$=.+$		=A+!
=$=A%$=%$%	$	A+
 7
 +		. ! 9 >$ ($=($(  	$         0!%1$ 
		"!($	+>+	$	A	
=	!
.$	A		$+		=	
+		+>+	$!9>$	3+
+     !
		   ++ 9' ;A$ %A H
<   $   
=A4$=4$4	! 9>$$=$+!"		.$  "!(=$ 
0!(1$+>+	!
"!("!($H!0$	==	!9
		+;+A	<50F%0F$+		$
50F71F$!>	.$A+	A		
 =A=A+	$ +	 	+  ;+A	< (
 %0
$ 	 
(

$	!
"!("!(     $  H!1$    =	+ 
	*!-$+	$E=
 !9		  		=	$		
;=	%P<!$=	+		=.+	.!:
$	$+	;=	(P<
+	+>+	!
F9! )Q)/9#)
 /) 
*+		=		F
+>	=F!
+		=	+.++1F		1
+$
= ++	   1 AF
 + .! 
 +  +   	   	+  
+			!>	+	,$
>;7<$	++	A+	A		;H$$<
=.J
UV;	 
 UaV;	 R d R =:;	 
 LQ;	  =M;	L;	 RR g
+		
;2<
$"!=K		+
>+K
		!20P
 2
+	+40P		?(1@$++=	.
>+		!+	4DF;40P1F<
$	
 	 >	 1F%4!1
 ;* 1F1AF
 	+40P<$
+	.$	>	2!DD
!+	$*	
>	0
!
	 '
9		=	1P	%0P$
1F 	 	!  	 +   +  $    +  	 
;C-<%2!%P!9"!4				
!9$+>	0!2!
"!4=				!9	
.	+			$>$	
+=.		A	!
9>$"!4		.!9$
 		+  +	    	$  	  
1!0P%!%P!"$=	C-%2!%P1!1P!9	=
+	$$.	
 	A 	! 
 )9 3   =$ +   	     	 	 
$		C-	$.!

 )9)/":/#
),)
)B9C/)-:;/#F
 ):"F: 
')
-//)<
/
0	 /


 %	0	 %	


	 		
  

	 		
  

	 		
  

	
 
 
 


! '%
9		;$$<=	C-1P!"!1				
!9$	=	C-%2!%P
		.	.		$+>	0!2%!
"!1= 		      	 	         !
$ 
    1$  	   .	 +  	 	 = =	$ 	   	 
!:$=	$+	=$
 0
	A			!C$++=	
$			.+!
9 "!1  		  	 	    		       . 
!9$*+$		=	C-1!0P%!%P!#$
	+%2!%P1!1P!C$.=	
+=		=.!
 )993= $
+			$		C-	$
.!
*+$+=	+$
=	!#$	=	 	+	+	+
	!9=		$		$+	+	
+!"$$		>+
(!5F0!%F$24!1P=		+!

 )99)/":/#
),)
)%B9C/)-:;/#F
 ):"F: 
')
-//)<
/
0	 /


 %	0	 %	


	 		
  

	 	
  

	 	
  

	
 
 
 


	 '(

++	!9$+=.
++		.$	=	$$	=		!
   *+	 	 		  "!D  "!D=$   +  =.  	 + 
(!D1AB!B$+.;"!D"!D<$+(!75AB!
$+=.+1!D7P		++=.+$
	.>	24!(%P!C$+		.+	
$		.+!
(	 '4
9       =    	 	   + ! 9		. =
	A	+7F$++*	.$=.21"!5!9
>$	A	+	10F!
$
		$+		%0
$+.*

  - +!"$ 		 "!5$  A	400  21
 
.!9>$=.$		
 +!
  +*+	 	"!5=$  21
40F A	(10	!+=>
+.	=	.!
F99! : 9:
-'')9:":/"/C)/B:/R
++$		=.	=
  !	,*+	,	+		
=.	$+			+>	.+=	!"+>	.
 + 	       9))) 12%04 ?(4@!$  ++ 	
	+$.=++		.+$=		.+
		++$*+	$"
!
+	.	+$+=9$+=	.
 + =	     A+    =	     +
=		!
*+	9F$		*+		$
+   	+   +   	     +
=		+!$+=.++	
!9=$		.>++		
 + > +$   =	     	=	! 
	$     + >	.
+=	 							$ +	. 		 =	+=	
++>	..!

++A	.	+	=	+.+$
  =  %-$   	 	      +  =$  -
+	.$.=!++		=
	.++	+	!"*+	$	.	+==	.
+			+$	=++		.%-
	$ -;+	*=	 -<B#	
9'!
/)")/))
?@ "E$C!$
A$C!JL	.J9
"	M$)***'

+,*

$227$($;%<$++!(1(%%!
 %
?%@ B.$'!$ Q$ !$ -$!J L	        + >	.   	  	
=	.M$)*'+,*

$%0($D$;%<++!%25,(07!
?(@ $!!$ $C!C!JL9++>	.+	.M$)*'
-'%.($%04$7$;%<$++!%4,%%(!
?4@ R	$ #!$ :3$ )!J S./" 	 #    =	  -  
M$)***'
)*

$%0$1$;2<$++!(2D5,(251!
?1@ 9$
!$'$ &!!$$#!$	$#!"!$'$R!J L
 %AF
-		 =. .++=	 
#=	F	 M$)***'
+,*

$%00$%1$;D<$++!45,452!
?D@ RAA$F!K L"*  =	 + 	 	  + >	. J +$ 	  +
AF
	M$)*'+,*

$%0($D$;5<$++!%22,(05!
?5@  $'!&!$#$"!$$!!$O$Q!!JL	.++>	.M$)*'+,
*

$%0%$1$;1<$++!D00,D07!
?7@ RAA$F!$$
!JLJ
	+	F	G		 /+
	39M$)***'
+,*

$%0$%D$;2<$++!%44,%4%1!
?2@ C$ !$ $ !$ A$ !$ &$ '!J L     	 ++	M$ )*** '
  +,
(/$%00D$%$;(<$++!4(7,444!
?0@F$
!&!$&!)	$C!/!$#$C!!JL	+B#			9M$)***
'
)*

$%00%$42$;4<$++!7%47(!
?@$)!R!R!$$!!$F	$-!#!JL
	.+- AF			
	-.F	/M$)***'
+,(/$%004$2$;(<$++!117!
?%@
=	.$!$'3	3#$!$$#!JL=	"	-=.B)=
+	*.TU0K./"M$)***'
+,0/%$%04$%2$;(<$++!0%,0%%!
?(@
A$C!$B=$)!C!$
$#!JL9.
++	M$&.J9)))
GB	.9$%005$9J257045005D4!
?4@
$#!$
A$C!$B=$)!C!$	$)!F!$)V8$ !"!JL++>+>
"B.M$)***'
+,*

$%002$%4$;4<$++!2%4,2((!
?1@E$ /!9!$ '$ '!$ $ F! '$ #! "$ "! $ "!J L 	 .    
		9./"M$)***'
+,*

$%001$%0$;D<$%001$++!40%
4%!
?D@A$
!$=	$ !W.$#!JL
	/	'#	.9+
	.M$)***'
+,(/$%0$%D$;4<$++!%%01,%%4!
?5@&."6$ 
!$ '		$ :!$ '$ ! !$ 3$ -!)!J L 	 / 		 9  
:+/=	'9F=	F	M$)***'
+,*

$%0$
%D$;%<$++!(544,(51(!
?7@Q$N!$	=$ !#!$$&!!$+=		$&!!$$"!JL
	3+.
:#M$
)*'*

+,11
$%005$$;D<$++!71(,7D!
?2@! #$  !"!!$ 
$ #!$ $ &!
!#!J S
 	 .    	. M$ )*** )
0/%1%)*

$%00($/&$3	$++!(2(2D!
?%0@#$ !"!!$!JL
"B	.BM$)***)
*

#
$%0%$#	$$++!D55%!
?%@#$ !"!!$JL		+>	.=		M$*'*+*1
'
*

+,$%04$+=		;	.<$-:9J0!00%G+!2D2!
?%%@B		$ &! !J L/	 	.	F	 M$ 9$%00$XY$	$
++!1,D!
?%(@#Z$ &!!J L/ +  9  
 +  	.+ .M$ )*** '
 
)*

$%0$17$;<$++!%(%%0!
?%4@B		$&! !JL[//	+/M$)***'
)%2%$
%0$D0$;4<$++!7%,7D!
?%1@ $!!$	Y$!JS/F	:+3C.="		 +S$)***'

)*

$%04$D$;D<$++!%D47%D14!
?%D@"E$"!-!$N+$
!'!$ Y+3$:!$F	$
!$-	'.$&!JL  B"	/A.
/EF	=	C=.# +M$)***'
+,*

$%0$
%D$;<$++!71,25!
?%5@ $ "!$ #$ !$ /$ '!J L/=  "     A .M$ )*** '
  )
*

$%0$17$;<$++!%%,%(!
?%7@)	..$ 
!$ 3$ N!$ )	=	A$#!J L/= + 	A	+ 	  	+ 	. M$ )*' +,
*

$%04$5$;1<$0D4,05%!
 (
?%2@	=$
!R!$ &$F!J L
	.  +	+  ++    	  
M$)*'+,*

$%0($D$;2<$++!7%%,7(%!
?(0@ \$!!$	Y$!JL
	.	.=+	=	M$)*'
+,*

$%0%$1$;7<$++!(4,(10!
?(@#.$
!$ 
$ !$#$
!#!J LC E    = =   	
	.M$)*'+,*

$%04$5$;D<$++!(%(,((0!
?(%@/E$!$'E$!$A$-!!J L
  + 	   . .
+.*M$)*'+,*

$%04$5$;(<$++!12,D0(!
?((@#		Z$&!
!$ 	$/!$	C\3$)!JL	++				
>=AM$)*'+,*

$%04$5$;D<$++!1%5,1(1!
?(4@9)))  12%04J L/   />  C 	  )	  .M$ %04$
++!,%(!
?(1@#!		$#!+$!-EA$R!A$!A	$&!#	$&!/!'Y$/!$'!)$"!	$
$LF	+.>+		$M+=.=9'/)G9/)-G9)&BA'+$
	!4$%00!
 1 
FIGURES 
 
 
(a)	
 
 
(b) 
 
Fig. 1 – Electrical scheme of the Unified Power Quality Conditioner; (a) Conventional topology based on three-phase three-wire 
back-to-back converters; (b) Developed topology, without series transformers, based on three single-phase back-to-back 
converters. 
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Fig. 2 – Control blocks of the UPQC algorithms: (a) For the series conditioner; (b) For the shunt conditioner. 
 
 
 
Fig. 3 – Simulation results of transients: (a) When the shunt conditioner is turned on; (b) When the series conditioner is turned 
on; (c) Load (vLa, vLb, vLc) and main voltages (vSa, vSb, vSc) when the main voltages become imbalanced (transient 1); (d) Main 
currents (iSa, iSb, iSc) when the main voltages become imbalanced (transient 1); (e) Load (vLa, vLb, vLc) and main voltages (vSa, vSb, 
vSc) when the imbalance at the main voltages is extinguished (transient 2); (f) Main currents (iSa, iSb, iSc) when the imbalance at 
the main voltages is extinguished (transient 2). 
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Fig. 4 – Experimental results of the load voltages (vLa, vLb, vLc) and main currents (iSa, iSb, iSc) for Test Case 1: (a) With both of 
the UPQC conditioners turned off; (b) At the transient when the series conditioner is turned on; (c) At steady state condition - 
(50V/div, 10A/div, 5ms/div). 
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Fig. 5 – Experimental results of the load voltages (vLa, vLb, vLc) and main currents (iSa, iSb, iSc) for Test Case 2: (a) With both of 
the UPQC conditioners turned off; (b) At the transient when the series conditioner is turned on; (c) At steady state condition - 
(50V/div, 10A/div, 5ms/div). 
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Fig. 6 – Experimental results of the test case 3: (a) Load voltages (vLa, vLb, vLc) and main currents (iSa, iSb, iSc) with both of the 
UPQC conditioners turned off; (b) Rms values of the active, reactive and apparent powers, load voltages and main currents with 
both of the UPQC conditioners turned off; (c) Load voltages and main currents with UPQC turned on at steady state condition; 
(d) Rms values of the active, reactive and apparent powers, load voltages and main currents currents with UPQC turned on at 
steady state condition. 
 
 
 
Fig. 7 – Experimental results of the test case 4: (a) dc-link voltage (vdc_1), main current (iSa), and load voltage (vLa) at the time 
transient when the shunt conditioner is turned on; (b) dc-link voltage (vdc_1), main current (iSa), load current and load voltage 
(iLa, vLa) at the time transient when the load is connected with the power grid. 
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